Antiphospholipid syndrome (APS) is an autoimmune disorder characterized by recurrent thrombosis and fetal mortality. Thrombotic microangiopathy (TMA) is an important histological finding in catastrophic APS (CAPS) and in APS patients with nephropathy. Analysis of familial thrombotic thrombocytopenic purpura patients showed that there are mutations in the ADAMTS-13 gene that lead to functional defects in the ADAMTS-13 enzyme. The aim of this study was to investigate the prevalence of the aforementioned mutations in APS, as well as to evaluate the level and activity of the ADAMTS-13 enzyme in patients with APS. C365del, Q449stop codon, P475S, and C508Y mutations were analyzed in APS patients. Transcriptions were analyzed using real-time PCR, and the level and activity of ADAMTS-13 were analyzed via fluorogenic assay. None of the mutations tested were present in the patient or control groups. The level of ADAMTS-13 mRNA in the patient group was 50% lower than that in the control group. Although a significant difference in ADAMTS-13 activity was not observed between the patient and control groups, a significant association was observed with the level of ADAMTS-13 (p<0.0001). The level and activity of ADAMTS-13 were not associated with thrombotic complications, thrombocytopenia, or pregnancy complications in the patients with APS. (Turk J Hematol 2011; 28: 213-8) Key words: Antiphospholipid syndrome, ADAMTS-13, gene expression 
Introduction
Antiphospholipid syndrome (APS) is characterized by both arterial and venous thrombosis, and fetal mortality in the presence of antiphospholipid antibodies (aPLAs) [1] . aPLA antibodies are directed against plasma proteins bound to anionic phospholipids [2] . Research has shown that aPLA-associated vascular lesions are predominantly noninflammatory vessel alterations with thrombotic luminal obliteration [2] [3] [4] [5] [6] . Thrombotic microangiopathy (TMA), which is histologically defined as the development of hyaline thrombi in small vessels, is a frequent finding in patients with thrombotic thrombocytopenic purpura (TTP) and hemolytic uremic syndrome (HUS). TTP is a rare disorder caused by inhibition of or low-level ADAMTS-13 (a disintegrin-like metalloprotease with thrombospondin type-1 motif, member 13), an enzyme responsible for cleaving von Willebrand factor (vWF). vWF is a large, multidomain glycoprotein in human blood and secretory granules of both endothelial cells and platelets [7] . vWF circulates as a multimer and is composed of identical units that range in molecular weight from 500 kDa to >20,000 kDa. Immediately downstream of the site of injury the multimeric size of vWF is physiologically regulated to prevent the formation of thrombi. ADAMTS-13 cleaves vWF between Tyr842 and Met843 in the A2 domain of the vWF monomer [7] [8] [9] [10] [11] [12] [13] , yielding typical fragments of 176 and 140 kDa, as well as smaller multimers.
Severe ADAMTS-13 deficiency may result in ultralarge vWF multimers that spontaneously interact with platelet receptors and cause thrombi in microcirculation [14] [15] [16] [17] . Very low-level ADAMTS-13 activity (<5% of values in normal plasma), caused either by mutations of the ADAMTS-13 gene [10, [18] [19] [20] or inhibitory antibodies against ADAMTS-13 [15, 16] , is linked to TTP/HUS. TMA is an important histological finding in patients with CAPS and in APS patients with nephropathy. The present study aimed to examine ADAMTS-13 level and activity, C365del, Q449stop, P475S, and C508Y mutations, and mRNA levels.
Materials and Methods

Study population
The study included 37 APS patients with thrombotic complications and 33 aPLA-positive patients without thrombotic complications, and 70 age-and sex-matched healthy controls. APS was diagnosed in patients with arterial and/or venous thrombosis based on the presence of lupus anticoagulant (LA) or anticardiolipin antibodies (ACA) [1] . All the healthy controls were Caucasian with a negative history of thrombosis and fetal mortality. The study protocol was approved by the Istanbul Bilim University, Faculty of Medicine Ethics Committee and written and signed informed consent was provided by all the participants.
APS patients with thrombosis
Of the 37 APS patients, 23 were female. LA was diagnosed based on activated partial thromboplastin time, kaolin clotting time, and Russell's viper venom test results, as previously reported [21] . The presence of IgG and IgM antibodies was determined via enzyme-linked immunosorbent assay (ELISA) [22] , and levels ≥3 standard deviations were regarded as positive. ACA and LA tests were repeated 2 months after the first test.
aPLA-positive patients without thrombosis
Among the 33 aPLA-positive patients without thrombosis, 28 were female. These patients had first trimester fetal mortality or thrombocytopenia, and persistently positive aPLA test results, but no thrombotic complications during ≥3 years of follow-up. In all, 14 of the patients had thrombocytopenia, 7 had first trimester fetal mortality, and 12 had both thrombocytopenia and first trimester fetal mortality in the presence of aPLA ( Table 1) . None of the patients had clinical evidence of TMA events. 
Genotyping
Genomic DNA was extracted from venous blood samples using a High Pure PCR Template Preparation Kit (Roche Diagnostics, IN, USA). DNA was amplified via polymerase chain reaction (PCR) using 100 ng of DNA, 200 nM of each primer, 200 μM of each dNTP, 1.0 μM of MgCl 2 , and 1.5 U of Taq DNA polymerase for 35 cycles in order to analyze mutations. PCR products were digested with restriction enzymes for C365del, Q449stop, and P475S (Table 2 ). For the C508Y mutation, PCR products were directly sequenced using an ABI 310 genetic analyzer (Applied Biosystems, Foster City, CA, USA).
Quantification of ADAMTS-13 transcripts
Total RNA was extracted from venous blood samples using the RNA Preparation Kit (Roche Diagnostics, IN, USA). cDNA was obtained from total RNA using the RevertAid First Strand cDNA Synthesis Kit (MBI-Fermentas, St. Leon-Rot, Germany). The target gene (ADAMTS-13) and a reference gene (HPRT1) were analyzed via real-time PCR using a LightCycler 2.0 (Roche Diagnostics, Mannheim, Germany).
Activity and antigen levels ADAMTS-13 activity and antigen levels were simultaneously measured in the same sample via fluorogenic assay (Technozym ADAMTS-13, Technoclone, Wien, Austria). Fluorescence was measured at 360/460 nm with a spectrofluorometer (Biotek reader FLX 800, Austria).
Statistical analysis
The t-test was used to analyze associations between quantitative data and a p value <0.05 was considered statistically significant. Correlations were investigated using Spearman's rank test. All calculations were performed using Graph-PAD Instat v.3.06 (GraphPad software Inc., San Diego, CA, USA).
Results
ADAMTS-13 mutations
C365del, Q449stop, P475S, and C508Y ADAMTS-13 mutations, which were previously reported to affect ADAMTS-13 activity, were investigated. None of these mutations were noted in the patient or control groups. In order to determine if these nucleotide changes are polymorphic, an additional 250 healthy Turkish individuals (female/male: 148/102) were genotyped, and none had the aforementioned mutations.
ADAMTS-13 mRNA
The level of ADAMTS-13 mRNA in the APS patients was 50% less than that in the control group, based on the Pfaffl equation 
ADAMTS-13 antigen and activity
Median ADAMTS-13 activity was 92.55% (range: 62%-124%) in the patient group and 92.72% (range: 68%-124%) in the control group. ADAMTS-13 activity was 88.39% and 92.91% in the APS patients with and without a history of thrombosis, respectively, and although ADAMTS-13 activity was lower in the APS patients with thrombosis, the difference was not statistically significant (t-test, p=0.4369, 95% CI: 62.91-96.94). Median ADAMTS-13 antigen level was significantly lower (64.88%) in the patient group (66.63% in the APS patients with thrombosis and 63.39% in those without thrombosis) than in the control group (98.2% [range: 55%-159%]) (t-test, p<0.0001, 95% CI: 56.91-138.94). ADAMTS-13 activity in the control group was correlated with gender (p=0.0038), but not with age. There wasn't a correlation between the level of ADAMTS-13 and its activity, and ADAMTS-13 activity varied in participants that had the same level of ADAMTS-13.
Discussion
The presence of neutralizing anti-ADAMTS-13 autoantibodies or mutations resulting in severe ADAMTS-13 deficiency is a well-known major cause of acquired and congenital TTP. ADAMTS-13 activity in TTP patients, however, is generally <5% or 10%. Amoura et al. reported 2 APS patients with undetectable ADAMTS-13 activity that developed TTP. They also investigated ADAMTS-13 activity in their APS cohort (n=20), and observed that mean ADAMTS-13 activity was normal (116%; range: 44%-250%) and that none of the patients had severe ADAMTS-13 deficiency [24] .
The literature contains only a few studies on anti-ADAMTS-13 antibodies and ADAMTS-13 activity in APS patients. Austin et al. [25] reported that 52 of 68 APS patients had IgG antibodies against ADAMTS-13 based on ELISA, and 22 patients had low-level ADAMTS-13 activity, although median ADAMTS-13 activity was 34%. Rieger et al. reported that the prevalence of anti-ADAMTS-13 IgG and IgM antibodies among 55 APS patients was 5% and 18%, respectively. ADAMTS-13 activity in APS patients ranged from 32% to 114%, and there wasn't a correlation between autoantibody titers and ADAMTS-13 activity [26] .
The present study has 2 limitations: the study population was small and although many mutations have been reported in TTP, only 4 previously reported to affect ADAMTS-13 activity were investigated; however, to the best of our knowledge this is the first study to investigate these 4 mutations in APS. The present study investigated mutations that affect ADAMTS-13 activity, mRNA level, and antigen level in APS patients with thrombosis, aPLA-positive patients without thrombosis, and healthy controls. Genotyping for ADAMTS-13 mutations (C365del, Q449stop codon, C508Y, and P475S) showed that none of the patients or controls carried these mutations. The present study's findings are the first to show that there isn't a relationship between ADAMTS-13 mutations and APS. ADAMTS-13 mRNA and antigen levels were lower in the patients than in the controls. This finding suggests that the ADAMTS-13 gene is negatively regulated during transcription, mutation/s may be present in the promoter region, or there may be an epigenetic effect. Although ADAMTS-13 activity was also low in the APS patients with thrombosis but, ADAMTS-13 activity did not reach statistical significance when compared with controls. ADAMTS-13 activity and level were not associated with thrombotic complications, thrombocytopenia, or pregnancy complications in the patients with APS.
